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THE FREYJA MONTESPORTH POLAR PLAINS BOUNDARY OF ISHTAR TERRA: EVIDENCE FOR 
LARGE-SCALE CONVERGENCE AND CRUSTAL IMBRICATION, James W. Head, Department of Geological Sciences, 
Brown University, Providence, R.I. 02912 

Introduction: The linear mountain belts of Ishtar Terra (Akna, Freyja, and Maxwell) were early recognized as  
landforms distinctive from those typical of the smaller terrestrial planets1, and later analyses showed them to be the 
locus of compressional deformation features2 representing localized zones of regional crustal shortening (orogenic 
 belt^)^. Although all are apparently linked to the formation and evolution of Ishtar Terra, each of the mountain 
ranges has distinctive tectonic relationships with its surroundings (e.g., Maxwell 4). The focus of this study is the 
distinctive zone of deformation between Freyja Montes and the North Polar ~ l a i n s ~ 7 ~ .  which lie about 500 km to the 
north of, and 6.5 km below, the crest of Freya Montes. 

Descrivtion: A series of tectonic and geologic units have been mapped extending from the northern part of 
Lakshmi Planum north to the North Polar Plains (Fig. 1). The banded terrah is composed of a series of long parallel 
ridges and swales spaced 10-20 km apart and occupies a zone about 150 km wide extending from the crest of Freyja 
Montes down toward Lakshmi Planum. The features are interpreted to be primary anticlinal and synclinal structures 
oriented parallel to the long axis of the mountain range. The domed and ridged terrain is composed of features ranging 
from a variety of linear hills and swales (20-100 krn long) more commonly occurring in the central and eastern part of 
the mapped area (the orientation of major features are indicated), to more equidimensional dome-like features (10-20 
km in diameter) more common in the west. This unit occurs along the crest of Freyja (6-6.5 km) and extends down 
the north flank toward the Northern Plains. The features in this unit are interpreted to be structural ridges and domes 
caused by folding, faulting, and tectonic segmentation. The linear grooved terrain is composed of-narrow linear 
grooves and ridges 2-10 km across; individual features often extend in straight lines for 50-100 km. This unit occurs 
in bands 20-45 km wide and 200-600 km in length, running parallel to the strike of Akna Montes, and dividing the 
domed and ridged terrain on the back slope of Akna up into 20-50 km-wide segements. This unit is locally embayed 
by the smooth plains and apparently lies in local low areas between the linear segments of domed and ridged terrain. 
On the basis of these characteristics, the linear grooved terrain is interpreted to represent a series of major fault zones, 
which have segmented the domed and ridged terrain. The two plains units are regionally flat, show signs of 
flow-front-like features, often embay other units, and are interpreted to be plains of lava flow origin. Mottled plains 
show complex albedo patterns and surface structure and occur in the north polar region, while smooth vlains show 
more uniform albedo patterns and occur along the base of the northern boundary scarp, interspersed in Freyja Montes 
(predominantly toward the west), and in Lakshmi Planum. The northern is a 1-2.5 krn high linear 
scarp less than 30 km wide and in excess of 500 km in length, and is a major structural boundary separating the North 
Polar Plains and Ishtar Terra. 

Observations and Intemretations: The characteristics and distribution of map units and topography (Fig. 1) 
indicate the following: 1) the northern boundary zone of Ishtar Terra at Freyja Montes is topographically distinct and 
highly asymmetric. Lakshmi Planum slopes upward toward Freyja; Freyja is asymmetrical, with the steep slope toward 
Lakshmi, and the shallow slope extending down toward the North Polar Plains. 2) the northern boundary scarp is a 
major tectonic structure bounding the region. 3) The units indicate two fundamental processes; a) tectonism, 
producing distributed deformation in the banded terrain and domed and grooved terrain, and localized deformation in the 
linear grooved terrain and at the northern boundary scarp. The nature and orientation of the structures indicate 
primarily compressional deformation oriented generally north-south. b) volcanism, producing plains which appear to 
be pre-deformation in some cases (mottled plains), and syn- or post-deformation (smooth plains) in others. 

Conclusions: On the basis of the units and topography Akna Montes is interpreted to represent the site of 
large-scale crustal convergence and imbrication through the underthrusting of the North Polar plains beneath Ishtar 
Terra. The process is visualized in the following way (Fig. 2): 1) North-south com~ressional deformation causes 
flexure. buckling, and underthrustine of the crust with the faults divvine toward the south. Evidence for this process 
operating today is the distinctive northern boundary scarp, the slight topographic rise about 50 km to the north of 
the scarp, and the linear nature of the embaying smooth plains between the scarp and the rise, suggesting flooding of . . 
a flexural trough. 2) w i n u i n e  convergence causes crustal ~~J.&uL- e and UD - 1' ift. and a new zone of underthrusting is 
a s t a b l u .  The earlier fault zone is incorporated into the mountain range (linear grooved terrain) between the 
intervening areally deformed blocks (domed and grooved terrain). Volcanic embayment of some of the fault zones 
suggests that deformation on them may be minimal once they are incorporated into the mountains. 3) The 
continuing vrocess of convergence ~roduces  large-scale crustal thickening. uvlift. and the formation of the 
asvmrnetrical front of Frevia Montes. The banded terrain appears to represent folding accompanying the formation of 
the steep mountain front, and the slope of the northern plains of Lakshmi up towards h a  suggest that at least some 
of the Freyja Montes deformation and uplift postdate the emplacement of the Lakshmi plains. 
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Pig. 1 (a) Venera 15/16 image of the Freyja Montes region of Ishtar Terra; (b) Geologic and tectonic skctch map of 
the region shown in (a). Basal scarp is hatchured, SP=smooth plains. DRT=domed and ridged terrain, BT=bPnded 
trmin. duk pattern within DRT is linear grooved terrain, (c) Topographic profile across the region; arrows in (b) - .  

sbow where profie crosses map; arrows on profile show location of edge of map in (b). Vertical exaggeration is 751. 
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F%g. 2. Interpretative cross-sections showing sequence of events in the formation and evolution of Preyja Montes 
region. 
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